1. Introduction {#s0005}
===============

Aquaculture has been drawing increasing significant worldwide attention on a daily basis. Fish diseases that adversely affect reproduction, growth, and nutrition lead to enormous economic losses; therefore, it is extremely important to identify the diseases that challenge fish farming and search for ways to eradicate them ([@b0070]).

Aquaculture can be exercised in almost any place where water is available. Fishing, pisciculture, and aquaculture are performed in both saltwater and freshwater. In recent years, fishing and pisciculture have continued to experience worldwide growth. At the same time, technological advancements have played a major role in the decreasing availability of stock as more and more fish are caught in the seas and lakes. Turkey is home to seas of varied properties, with an increasing number of species, temperature, and salinity and decreasing populations from north to south. Inland, Turkey has approximately 200 natural lakes, over 300 dam lakes, 33 major rivers, and roughly 750 ponds with economic significance in terms of aquaculture. Given this potential, it is of great importance to utilize the areas that have been in use in the aquaculture sector efficiently ([@b0245]).

Fish represent the healthiest source of protein for humans in many parts of the world and particularly in developing countries. The world population has been consuming water products of animal origin to meet a large part of its protein requirements. The current protein deficit, as well as its growth over time, will be impacted by aquaculture ([@b0075]).

Although there is a high volume of fishing in Turkey compared to other countries, the region has a very low quantity of fish. While other areas are involved in fishing, the Black Sea region is the leading fish producing area in Turkey. According to statistics for the year 2017, of the 354,318 metric tons of fish caught, 322,173 were saltwater fish and 32,145 were freshwater fish ([@b0225]).

Fishing has been analyzed in detail in Ataturk, Keban, Karakaya, and Seyhan dams, which are among the major dams of Turkey. Information has been provided concerning the species of fish caught and the means of fishing in use ([@b0085], [@b0175], [@b0015], [@b0035]).

The practice of commercial fishing is done in Menzelet, Sir, and Aslantas Dam Lakes in Kahramanmaras Province. There is no research available, except for the records kept by the Provincial Directorate of Agriculture, on important information such as the status of fishing in these areas, the fishing equipment in use, and the annual fishing amounts. For optimal lake management and stock identification it is very important to know the amount of fishing occurring in dam lakes. Fishing in Kahramanmaras is performed using primitive equipment, and it is not possible to make the best use of the stock. Among the species involved in fishing in Menzelet Dam Lake are *Silurus glanis, Cyprinus carpio, Barbus rajanorum, Capoeta capoeta, Capoeta barroisi,* and *Leuciscus cephalus* ([@b0010]).

Fish encounter many disease agents, including parasites, in their environments. Parasites are mechanically and functionally harmful for living things and have preying exploitative effects as well, feeding on the host\'s nutrients, and impairing respiration. These parasites both reduce the demand in the market and cause major economic losses, weakening and even killing the fish by taking advantage of their food ([@b0090]).

Certain undesirable natural or human-related incidents in the aquatic environment can upset the host-parasite balance, leading in turn to the growth of one or more parasite types and major losses of fish ([@b0115]). Thus, natural and cultivated fish can suffer major losses due to parasitic diseases.

Diagnosing the parasites in fish is very important both scientifically and in terms of human health. Because fish are an important nutritional source, consuming fish that accommodates any kind of parasites may be harmful to human health; therefore, it is important for the health of humans to have fish in the market in a healthy condition. The availability of healthy high-quality products increases the demand for such products, leading in turn to increased earnings ([@b0115], [@b0105]).

The aquatic environment is very favorable for the development and continuation of the parasitic life cycle. Although parasitic infections are commonly found in fish in their natural environment, pathologies caused by parasites are very rarely encountered in fish ([@b0045]).

Acanthocephalans, also known as spiny-headed worms, have proboscis with chitin hooks. Mature parasites lay their eggs in the intestines of fish. Some copepod crustaceans pick them up when they come out. The first larval stage called acanthor becomes acanthella in the second larval stage. Fish encounter the agent upon eating crustaceans. Sometimes the agents use the fish as a second intermediate host, and when high in number they can seriously harm the intestines. Due to their simple biological structure, increased efforts in fish cultivation may increase their significance ([@b0120]).

*Neoechinorhynchus rutili*, an acanthocephalan worm, lives in the small intestine of freshwater fish ([@b0215]).

The distribution of *N. rutili*, redefined by is described in Canada, Northwestern lands, Alaska and Washington coasts, the polar circle, Sweden, Finland, Russia, Central Europe, and continuously along the North Holarctic region ([@b0200]).

Adverse effects as severe as mortality can be seen in fish having intense *N. rutili*. Their proboscis being short, the parasites attach low on the intestinal mucosa and cause various degrees of inflammation. Young fish may exhibit worse manifestations ([@b0025], [@b0215]).

Morphologically indistinguishable species can have absolute genetic differences. Therefore, molecular techniques are useful for identifying the species that are hard to distinguish otherwise ([@b0005]).

Polymerase Chain Reaction (PCR) is a method of in vitro DNA synthesis. It is a simple but very successful technique used for reproducing the specific zones in the genomic DNA of an organism. PCR can reproduce millions and even billions of copies of DNA molecules in a short time. This method thus ensures identification with high precision ([@b0190], [@b0165], [@b0055], [@b0205], [@b0150], [@b0065], [@b0180], [@b0020], [@b0030]).

There is no comprehensive research in Turkey involving molecular identification of *N. rutili* which is one of the significant agents of parasitic diseases among fish. This study was intended to use PCR for molecular identification of the *N. rutili* parasite diagnosed by morphology and staining methods in the fish species caught in Menzelet Dam Lake in Kahramanmaras, Turkey.

2. Materials and methods {#s0010}
========================

2.1. Materials {#s0015}
--------------

Menzelet Dam is located on the River Ceyhan. This dam is approximately 27 km from Kahramanmaras city center in the northwestern direction. A map of Menzelet Dam from where the fish samples used in this study were collected is provided in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1Menzelet Dam with fish hunting.

This study was performed on 3 fish species commonly caught in Menzelet Dam Lake in January, February, March, April, May, and June of 2013 with the help of fishermen using gill nets. The fish species reviewed were *Capoeta barroisi, Cyprinus carpio,* and *Barbus rajanorum*. In the study, a total of 270 fish were evaluated, including 267 *Capoeta barroisi*, 1 *Cyprinus carpio,* and 2 *Barbus rajanorum*.

2.2. Methods {#s0020}
------------

The 270 fish caught in Menzelet Dam Lake were transferred live in plastic buckets to the Fish Diseases Laboratory of Kahramanmaras Sutcu Imam University, Faculty of Agriculture, Department of Aquaculture, where they were anesthetized with 2-phenoxyethanol. The fish species were identified using the method of [@b0095]. With their species identified, the fish were autopsied according to information by [@b0025]. The fish were cut ventrally along the abdomen starting from the anus using a pair of small and thin pin scissors. The digestive tract was placed into a dark-waxed Petri box, longitudinally cut from end-to-end using the same pair of scissors, and stretched on a wax base utilizing pins. Prepared as such, the digestive tract was examined under a binocular stereo microscope using fine needles and brushes. After counting the parasites and recording their host organ, the parasites were removed using the brushes and fine needles and moved to Petri boxes that contain 0.9% physiologic saltwater. The parasites were then taken out of the solution, examined under a light microscope, identified, and eventually stored in Eppendorf tubes containing 70% ethyl alcohol to be used in further research.

After being carefully cleaned by brushes, the acanthocephalans were placed directly in Alcohol, Formalin, Acetic acid (AFA) solution for identification. They were kept in this solution for 3--7 days, then, placed in 70% ethyl alcohol for long-term storage. Following the fixation procedure, parasite samples were placed in Semichon\'s acetocarmine staining media. At the end of the staining procedure, when the parasite bodies absorbed different densities of stain, their anatomic structures were observed in detail. The staining procedure was followed by dehydration using an alcohol series to dehydrate the parasites and crystallization for a better view of the internal tissue structures using xylol and lactophenol. A glass slide was thoroughly cleaned, and a drop of Canada balsam was placed in the center. The prepared material in the crystallization agent was picked up using a brush or quill and placed into the closing media, followed by a cover glass which was slid from one corner of the closing media, being careful not to leave air bubbles behind. The cover glass was pressed using a clamp so that the material would be evenly fixed and left at room temperature to dry. The type and stock number of the parasite were noted on one corner, and the locality and species of the host organism, the organ hosting the parasite, and the examination date were noted on the other corner of the dried preparation ([@b0155], [@b0240]).

The parasites were identified using the methods of [@b0050], [@b0090].

Parasite samples were taken from 70% alcohol and placed in Eppendorf tubes containing sterilized distilled water. The parasite remained in sterilized distilled water for 24 h to allow the alcohol to evaporate. Each one of the parasite samples was cut into pieces of 0.2 gr using sterile scissors. The parasite pieces were crushed in Eppendorf tubes using a sterile crushing apparatus and, after adding 2 ml of sterile distilled water, were centrifuged at 5000 rpm for 10 min. Following centrifugation, the water remaining on top of the Eppendorf tube was discarded and 20 µl of proteinase K and 180 µl of lysine buffer were added to the pellet remaining at the bottom of the Eppendorf tube, and all were mixed. These samples were incubated for 1 h at 56 °C in a shaking water bath, mixed for 15 s in a vortex, and 200 µl of lysine buffer was added and mixed in the vortex. After adding 200 µl of ethyl alcohol, the sample was vortexed again. The mixture was transferred to the spin column tube inside a mixture collection tube and centrifuged at 10000 rpm for 1 min. The lower tube containing the liquid was emptied and replaced under the spin column where 500 µl of wash buffer was added and centrifuged at 8000 rpm for 1 min. The liquid accumulating under the spin column was removed and 500 µl of wash buffer was added in the spin column and centrifuged at 12000 rpm for 3 min. The tube of liquid beneath the spin column was replaced with a new Eppendorf tube after which 200 µl of elution buffer was added into the spin column and incubated for 2 min at room temperature then centrifuged at 8000 rpm for 1 min. After placing in the spin column, the Eppendorf tube was stored at −20 °C.

The PCR mixture was prepared with a total volume of 50 μl containing 25 μl Master mix, 1 μl Forward Primer, 1 μl Reverse Primer, 1 μl DNA, and 22 μl dH~2~O. A specific pair of primers for *N. rutili* was used from which 50 pmol and 1 μl template DNA were added from each of the pair of primers (BD1 GTCGTAACAAGGTTTCCGTA; BD2 TATGCTTAAATTCAGCGGGT) ([@b0170], [@b0140], [@b0100]).

In PCR amplification, the pre-denaturation stage for 10 min at 94 °C was followed by a total of 35 PCR cycles, denaturation at 94 °C for 30 s, hybridization at 56 °C for 45 s, 1 min of DNA synthesis at 72 °C, and final elongation at 72 °C for 12 min. A total of 7 μl was collected from the DNA products amplified in PCR, mixed with 3 μl of blue-orange loading solution, and placed in previously prepared wells over 1.5% agarose gels with the last well saved for the DNA marker. After the gel was subjected to electrophoresis using Tris/Borate/EDTA buffer in 1.5% agarose gel at 80 V for 1.5 h, it was stained for 30 min with ethidium bromide. It was photographed with a polaroid camera system in a dark room using an ultraviolet trans-illuminator looking at the specific DNA bandwidth for *N. rutili*.

3. Result and discussion {#s0025}
========================

Menzelet Dam Lake is geographically positioned on the migration route of some birds.

In the parasitologic examination of fish caught in the area, 267 *Capoeta barroisi,* 1 *Cyprinus carpio*, and 2 *Barbus rajanorum* were found to be infested.

A total of 3 fish species were examined in this study, and 12,533 pieces of *N. rutili* were identified using morphology and staining methods ([Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}).Fig. 2Neoechinorhynchus rutile microscope view.Fig. 3Microscopic after staining N. rutile.

*N. rutili* was diagnosed in fish obtained from Menzelet Dam Lake. Isolates were used for DNA isolation and amplified using PCR. The resulting products were subjected to electrophoresis in 1.5% agarose gel. The gel was stained with ethidium bromide, and the results were analyzed with an ultraviolet trans-illuminator. All of the 120 samples exhibited BD1-BD2 primers specific to *N. rutili* species and 614--644 bp long bands ([Fig. 4](#f0020){ref-type="fig"}). Therefore, it was proven that all of the 120 isolates were *N. rutili.*Fig. 4Analysis of in PCR using primer pair BD1-BD2 of DNA sa.

This research was primarily focused on diagnosing *N. rutili* using classic morphology and staining methods in the fish species caught in Menzelet Dam Lake in Kahramanmaras Province, Turkey. The suspected *N. rutili* samples were successfully confirmed using PCR.

A total of 267 *Capoeta barroisi,* 1 *Cyprinus carpio*, and 2 *Barbus rajanorum* caught in Menzelet Dam Lake were examined, and the *N. rutili* parasite was identified in the fish intestines. Diagnosis of *N. rutili* species was made according to methods of [@b0115], [@b0060], [@b0090], and [@b0130].

In studies performed with freshwater fish, [@b0230], [@b0220], [@b0080], [@b0185], [@b0135], [@b0070], [@b0210], [@b0235], [@b0120], [@b0125], [@b0040], [@b0160] reported that they identified the parasite *N. rutili*. The identification of *N. rutili* in this study also supports these previous studies with regard to the identification of the parasite in freshwater fish.

It is stated that the PCR technique is more advantageous than cultures and serological tests because of the ability to identify a few numbers of microorganisms in pure or mixed cultures in as short a period as one day ([@b0145]). [@b0195], reported molecular identification of species *N. personatus* and *N. yamagutii* in *Gray mullets,* fish hunted in the Atlantic and Pacific Oceans*.* In their study, they used primers belonging to the genus Neoechinorhynchus and universal eukaryotic primers. Sequences were made for molecular identification based on *N. personatus* and *N. yamagutii* species. The diagnosis was facilitated by the use of a specific primer in PCR amplification. In this research, the use of a specific primer (BD1 GTCGTAACAAGGTTTCCGTA; BD2 TATGCTTAAATTCAGCGGGT) pair for *N. rutili* species prevented any wrong positive reactions of the parasite ([@b0170], [@b0140], [@b0100]). The PCR technique was successfully applied with negative control at all stages to eliminate the possibility of contamination.

[@b0160] made use of PCR in his research to identify Acanthocephala. Accordingly, molecular diagnosis has been made for *Echinorhynchus salmonis* and *N. rutili* species in the Gacka and Matica rivers, *Acanthocephalus lucii, Acanthocephalus anguillae, Pomphorhynchu laevis,* and *Pomphorhynchus tereticollis* in the Novantica River, and *Dentitruncu truttae* in the Una River. In this study, molecular identification was successfully performed using primers specific for *N rutili*.

While the life cycles of fish, the propagation of parasites, and the resulting economic losses have been reported years ago, there is still insufficient information on fish parasites in Turkey where mass deaths of fish related to acute parasitic diseases continue to occur ([@b0110]). Fish with chronic parasitic diseases also suffer excessive weakening and growth, leading to significant problems in marketing. The situation is further exacerbated by the money spent on curing these diseases and the increased feed costs resulting from the fish inadequately utilizing the food provided.

Parasites, by nature of their biological development, need other living organisms in part or all of their lives for survival. Many continue their life cycles on or inside fish during which time they continuously affect the metabolism and life functions of the fish host. Parasites living in the digestive tract disrupt the secretory function of the host causing diseases, sometimes killing the host. This study was performed to investigate the *N. rutili* parasite commonly encountered in the fish species of Kahramanmaras Province, Turkey in an effort to prevent parasitic diseases that lead to economic losses related to fishing.

4. Conclusion {#s0030}
=============

The success of this study will hopefully lead to more original and extensive work aimed at molecular identification of parasitic agents found in fish in all regions of Turkey.
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